M
OST lesions of the central nervous system are associated with an altered blood-brain barrier. Thus isotopic brain scanning has become an important diagnostic tool, and chemotherapy of brain tumors remains potentially useful if differential selective uptake of a chemotherapeutic agent by the tumor can be improved. However, the breakdown of the blood-brain barrier (BBB) is often not sufficient clearly to delineate the lesion nor selectively to absorb a metabolic antagonist. An increased differential between BBB of the lesion and normal tissue is desirable for diagnosis and treatment.
Shealy and Crafts 15 demonstrated the possibility of selectively altering BBB. They produced symmetrical bilateral ultrasonic lesions in cat cerebral cortex, and 4 to 6 days later the right carotid artery was injected with 50% Hypaque, 15% ethanol, or distilled water. A dosage of each of these substances was found which increased the uptake of trypan blue and Mercury-203 (Neohydrin) in the injected lesion when compared to the control lesion, but which would not increase the uptake of these substances by normal brain. The differential uptake in the injected lesion was 7 to 10 times that in either normal brain or the control lesion on the opposite side.
This method of selectively altering the BBB had an obvious disadvantage in that it required intra-arterial injection of the damaging agent. It seemed worthwhile, therefore, to try to find another method for accomplishing the same effect.
The effect of x-irradiation on the brain has been studied extensively? ,9 It is clear that x-ray will, in appropriate dosages, alter the permeability of the BBB, as evidenced by the uptake of trypan blue in portions of irradiated brain tissue. With this information and using the model previously described by Shealy and Crafts, ~ an attempt has been made to study selective alteration of the BBB with x-irradiation.
Materials and Methods
Nineteen adult mongrel cats were anesthetized with Nembutal and placed in a Horsley-Clarke stereotaxic apparatus. Bilateral 1 89 cm craniectomies were performed, with the dura mater left intact. Bilaterally symmetrical focused ultrasonic lesions were produced at depths of 4 or 5 mm. The ultrasonic generator used was manufactured by Radionics, Inc., and functions at a 2.5 megacycle (Me) frequency. It has been demonstrated that a focal energy level of 1700 W/cm 2 destroys brain tissue.
At 3 to 6 days following the production of the lesions and again under Nembutal anesthesia, the right hemisphere was exposed to either 2000 or 3000 R of x-irradiation; lead shielded the left hemisphere.
At 1 89 to 67 hours following irradiation, the animals were perfused with 5 cc trypan blue and 0.2 to 0.5 mCi of Hg-203 (Neohydrin) via the femoral vein; Hg-203 was used because of its ready availability for brain scanning. One hour after the injection of these substances, the animals were sacrificed, the brains removed and fixed in 10% formaldehyde. At least 1 day later, the brains were sectioned transversely at the level of the lesion, and each lesion was carefully cut from the brain, the lesion being defined by the blue coloration. Brains in which the lesions were not symmetrical were discarded. Samples of normal tissue were taken symmetrically from each hemisphere. Each sample was weighed, and the isotopic activity was determined in a well counter. Concentration of radioactivity was calculated for 89 Table 1 , the "control" left lesion, as planned, almost invariably demonstrated some damage to the BBB. Interestingly, the right normal brain usually had less isotope uptake than the non-irradiated left normal brain.
Results

As shown in
An attempt was made to determine the time after irradiation at which additional damage to the BBB of the lesion is maximal. The effect was not seen between 1.5 and 4 hours after irradiation but was demonstrated after 5 hours, but the number of animals was too small to answer this question. The animal that showed the greatest differential uptake in the irradiated lesion (nine times that of the control lesion) was sacrificed 6 hours post-irradiation (Cat 6 had a ninefold increase in BBB permeability). Animals sacrificed at 4 hours or earlier showed very little change in uptake of the isotope on the irradiated side. Considering only the animals which were sacrificed 4 hours or longer after x-irradiation, the average increase in uptake in the irradiated lesion is 3.4 fold (actually the irradiated lesion uptake is 22 times normal brain but only 3.4 times the opposite side). All of these animals were treated with 3OOO R.
It should be noted that the dosages of radiation used did not damage the BBB of normal tissue in the irradiated hemisphere and in fact the BBB seems slightly decreased in the "control" side. This effect of 3000 R radiation on normal blood-brain barrier has been verified in an additional 15 animals to confirm the decreased uptake of radioactive substance at 24 hours. Thus, an increased uptake in a lesion is of even greater significance since the surrounding brain has a decreased uptake. This, of course, applied only to the BBB and not to neuronal damage or to changes which might be observed after a longer period of time, after several weeks or months. Delayed changes due to radiation damage would be expected to include gliosis and necrosis of neurons but the effect of this
